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Outline

ÅEnergy balance of snow and ice

ÅControls on accelerated melt and reduced 
accumulation

ÅControls of grain size and radiative forcing on changes 
in albedo

ÅSpectroscopy to quantitative retrievals

ÅThe Airborne Snow Observatory and moving to space

ÅConstraint on hydrologic and climate modeling

ÅThis talk will produce a Science Traceability Matrix



Objectives for Cryosphere Missions
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Mass change from GRACE and ICESat-1

Adapted from Gardner et al, 2013, Science

But why? Northern Hemisphere 
June Snow Cover Anomalies



Physical Parameter Requirements

IPCC 5th AR, 2013
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Snow energy balance ςSW dominates



Cryosphere Energy Balance Components

	



Controls of grain size and RF on ŭ

�rt = f(GSt, RFt, �}0, E�„)  

GSt = g(energy fluxes)  

RFt = h(conc, GS, opt prop, part size)


